One hundred and seventy-three unrelated Listeria monocytogenes strains isolated from humans, animals, the environment, and food were analyzed for the presence of plasmids. Extrachromosomal DNA was found in 28% of the strains. Plasmid DNA was extracted more frequently from L. monocytogenes serogroup 1 strains (35%) than from serogroup 4 strains (15%). Among strains from food and the environment, 40%YV and 29%Yo, respectively, harbored plasmids, whereas only 13% of the strains from humans and animals with listeriosis bore plasmids. We also investigated the susceptibility of 90 strains to seven antibiotics and four heavy-metal salts. No antibiotic resistance could be detected, but 95.3% of the plasmid-positive strains and only 12.7% of the plasmid-negative strains were resistant to cadmium. The plasmid-determined genetic basis of cadmium resistance was proven by conjugation between strains of L. monocytogenes and by cure of the plasmid. This is the first time that plasmids of L. nwnocytogenes have been shown to be associated with cadmium resistance.
During the past decade, Listeria monocytogenes has been incriminated in a number of food-borne disease outbreaks and several sporadic episodes of listeric illness (8) . In this context, typing of L. monocytogenes is a crucial step in incriminating a contaminated food source in human infection and in determining the relationship between L. monocytogenes in the final food product and the producing and processing environment. Routine typing of L. monocytogenes is based on the determination of serovar and lysovar. Sometimes these methods are unsuccessful, because of poor discrimination of serotyping (14) and high percentages of nontypable strains with the bacteriophages used (1) . Other methods, including multilocus enzyme electrophoresis (17) , restriction enzyme analysis of chromosomal DNA with highor low-frequency cleavage enzymes (5, 15) , and analysis of restriction fragment length polymorphisms after hybridization with a deoxyribonucleotide probe (3, 23) , are being investigated as possible improved typing systems. Although the isolation of plasmids from L. monocytogenes was reported in 1982 (16) , there has been little research on their use as epidemiological markers. Plasmid typing has been used only once in conjunction with restriction chromosomal DNA analysis to confirm a case of cross-infection with L. monocytogenes (7) . We have only minimal information on the prevalence and the functions of such plasmids. Antibiotic resistance has seldom been detected in L. monocytogenes by all or nearly all of the phages used for phage typing. Nevertheless, the presence of plasmids was not related to a particular lysovar.
Among the 48 plasmid-bearing strains, only one strain harbored two plasmids. On the basis of the number and sizes of the plasmids, 19 plasmid profiles were defined ( Table 2 ). The sizes of the plasmids ranged from 14 to 106 kb; half of the plasmids were between 53 and 61 kb in size. No profile correlated with either a particular source or a specific lysovar (data not shown). Strains of serogroup 4 contained plasmids of only four different sizes, whereas serogroup 1 strains contained plasmids of 15 sizes (Table 2) . Only one plasmid of 53 kb, isolated from a serogroup 4 strain, was identical in size to a plasmid found in serogroup 1 strains. Plasmids of common sizes (53 kb for serogroup 1 and 61 kb for serogroup 4) were analyzed after digestion by EcoRI (Appligene, Illkirch, France). Three different restriction patterns were observed (Fig. 1) . Pattern A, observed in the 10 53-kb plasmids from strains of serogroup 1, was identical to that of the majority of plasmids (four of seven) isolated in strains tested also had the same pattern of susceptibility (Table 3 ), but two populations of L. monocytogenes showed susceptibility to cadmium. For 43 strains, the MICs of CdSO4 ranged from 4 to 8 p,g/ml; for 47 resistant strains, the MICs of CdSO4 were between 32 and 128 p,g/ml. Among the strains that were resistant to cadmium, 87.2% (41 of 47) harbored plasmids, whereas only 4.7% (2 of 43) of cadmiumsusceptible L. monocytogenes strains contained plasmids. This difference was significant (P < 0.01) by chi-square analysis. The two strains that were susceptible to cadmium and harbored plasmids were isolated from one human and one animal with listeriosis; the plasmids were 14 and 53 kb in size. All of the strains with pattern A or B were resistant to cadmium. The only strain with a distinct pattern C was cadmium susceptible. No plasmid DNA could be detected in 6 cadmium-resistant strains after three repeated extractions.
To determine the genetics of cadmium resistance in L. monocytogenes, we examined the transfer of plasmids between strains of L. monocytogenes and plasmid curing. Conjugation between strains of L. monocytogenes was conducted by filter mating as described by Poyart-Salmeron et al. (18) , and the transfer frequency was expressed as the number of transconjugants per donor CFU after mating. The recipient strain used in this experiment was L. monocytogenes EGD-SmR, provided by Gaillard et al. (10) , which is a streptomycin-resistant mutant that contains no plasmids. L. monocytogenes Lm 106, which is resistant to cadmium, was chosen as donor of the 61-kb plasmid. The parental strains were of serogroup 4 for the donor strain and serogroup 1 for the recipient strain. The transconjugants were selected on Mueller-Hinton agar containing 100 p,g of streptomycin per ml and 32 ,ug of CdSO4 per ml. The 61-kb Lm 106 plasmid was transferred by conjugation to EGD-SmR at a frequency of 3.75 x 10'. Six colonies of the cadmium-resistant progeny of the mating were serotyped and screened to detection the plasmid. Each of the six colonies was of serogroup 1 (like the recipient strain) and harbored the 61-kb plasmid of the donor strain; when transferred to strain EGD-SmR, this plasmid conferred resistance to cadmium at the same level as that observed in the donor strain (data not shown).
The loss of cadmium resistance in strains Lm 27, Lm 5, Lm 132, and Lm 119, respectively, carrying the 32-, 43-, 81-, and 106-kb plasmids was obtained by high-temperature treatment. After overnight culture at 43°C, 0.1-ml serial dilutions of each strain were streaked onto brain heart infusion agar and incubated at 37°C for 48 h; then 15 colonies were picked randomly, and the MICs of CdSO4 were determined. For each parental strain, the plasmid contents of two isogenic variants, one resistant and one susceptible to cadmium, were determined. All of the cadmium-susceptible isogenic variants were plasmid free, and all of the cadmiumresistant isogenic variants harbored plasmids.
We have shown that 95% of the plasmids of L. monocytogenes confer cadmium resistance and that the plasmids can be transmitted between strains of this species. Resistance to cadmium is widespread among S. aureus strains (11) and is described almost exclusively in this species, where it is mainly conferred by extrachromosomal DNA. Six of the studied strains did not have plasmids but grew in the presence of high concentrations of cadmium. We can put forward two hypotheses to explain this result. The first is that the plasmid extraction method used in this study does not permit the detection of plasmids present in these strains. The second is that cadmium resistance can be chromosomal, as has been shown in S. aureus (24) . We are currently investigating the genetic and molecular basis of cadmium resistance.
Cadmium is highly toxic to most life forms and often present in the environment. It can act as an efficient selective agent in the environment, and this could explain the high percentage of plasmids in strains isolated from food and the environment. Cadmium resistance is a very selective advantage for the persistence of L. monocytogenes in the environment; thus, plasmids could contribute to the survival of such strains in the environment.
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